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In Pseudomonas aeruginosa the initial enzyme of  ar- 
omatic amino acid biosynthesis, 3-deoxy-~-arabino- 
heptulosonate 7-phosphate (DAHP) synthase,  has been 
known to be  subject to feedback inhibition by a metab- 
olite in each of the three major pathway branchlets. 
Thus, an apparently balanced multieffector control is 
mediated by L-tyrosine, by L-tryptophan, and by phen- 
ylpyruvate. We have now resolved DAHP synthase into 
two distinctive regulatory isozymes, herein denoted 
DAHP synthase-tyr (Mr = 137,000) and DAHP synthase- 
trp (Mr = 175,000). DAHP synthase-tyr comprises >90% 
of the total activity. L-Tyrosine was found to be a potent 
effector, inhibiting competitively with respect to both 
phosphoenolpyruvate (Ki = 23 p ~ )  and erythrose 4- 
phosphate (Ki = 23 p ~ ) .  Phenylpyruvate was a less 
effective competitive inhibitor: phosphoenolpyruvate 
(Ki = 2.55 mM) and erythrose 4-phosphate (Ki = 1.35 
mM). DAHP synthase-trp was found to be inhibited 
noncompetitively by L-tryptophan with respect to 
phosphoenolpyruvate (Ki = 40 p ~ )  and competitively 
with respect to erythrose 4-phosphate (Ki = 5 p ~ ) .  
Chorismate was a relatively weak competitive inhibi- 
tor: phosphoenolpyruvate (Ki = 1.35 mM) and erythrose 
4-phosphate (Ki = 2.25 mM). Thus, each isozyme is 
strongly inhibited by  an amino acid end product and 
weakly inhibited by an intermediary metabolite. 

The allosteric  enzyme, DAHP’  synthase, catalyzes the ini- 
tial  common  reaction  that is committed  to  the  biosynthesis of 
aromatic  compounds,  the  major  ones being  L-phenylalanine, 
L-tyrosine, and  L-tryptophan. The control  patterns for DAHP 
synthase which  exist  in nature  to  regulate  the  multibranched 
pathway of aromatic  biosynthesis  have been recognized for 
some time  for  the diversity of alternative  mechanisms (1). 
More  recently,  these  variations  have become better  under- 
stood in  a context of appreciation  that  the  catalytic  steps of 
phenylalanine  and  tyrosine biosynthesis are also  diverse in 
nature (2). Allosteric control of DAHP  synthase by  single end 
product  effectors is common and  has  recently been interpreted 
(3) as reflective of those  organisms in  which  exogenous amino 
acids are  unimportant.  The need  for in-depth  studies is illus- 
trated by the  fact  that  DAHP  synthase of Pseudomonas 
aeruginosa was  originally classified as  such a unimetabolite- 
controlled  enzyme (4). In cases where exogenous amino acids 
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ate  7-phosphate. 
’ The abbreviation used is: DAHP, 3-deoxy-~-arabino-heptuloson- 

play  a  significant  role  in the  nutrition  and physiology of the 
organism (3), multieffector patterns of regulation are known. 
These include isozymic feedback inhibition,  sequential feed- 
back inhibition, cumulative feedback  inhibition, and  concerted 
feedback inhibition (1, 2, 4). 

Since 1973 (5) the  DAHP  synthase  activity of P. aeruginosa 
has been  known to be  feedback inhibited by L-tryptophan  and 
by phenylpyruvate in addition  to  the earlier  known (4) feed- 
back inhibition by L-tyrosine. This  pattern comprised  a novel, 
but  apparently balanced  allosteric pattern, in which a single 
metabolite within each  terminal  branchlet was an allosteric 
effector of DAHP  synthase.  It is interesting  that  with  this 
report of two isozymic DAHP  synthases in P. aeruginosa, the 
feedback pattern  can be regarded as not only isozymic but  as 
cumulative  and  sequential  as well. Each  regulatory isozyme is 
controlled  by  two  effectors  which inhibit cumulatively in 
combination,  and  each isozyme is  regulated by an  intermedi- 
ary  metabolite. 

MATERIALS AND METHODS 

Microbiological Aspects-Strain 1 of P.  aeruginosa, originally 
obtained  from B. W. Holloway (6), has been subcultured  in  our 
laboratories for about 18 years.  Cultures were grown at  37 “C  as 
previously described (7) in a minimal  salts/glucose  medium (8) and 
harvested  during  the  late  exponential  phase of growth by centrifuga- 
tion. For  adequate  amounts of starting enzyme  prior to  partial  puri- 
fication,  16-liter batches of cells  were cultured  in 20-liter  carboys, 
continuously sparged with  humidified air.  Stock  cultures were main- 
tained  as  stab  cultures (9). A tryptophan  auxotroph  (trpAl) deficient 
in anthranilate  synthase (IO), and a 4-fluorotryptophan-resistant mu- 
tant  (4FT1)  that  excretes  tryptophan  due  to  the  constitutive  forma- 
tion of anthranilate  synthase, 5-phosphorylribose-l-pyrophosphate 
phosphoribosyl  transferase, and indolglycerol-phosphate synthase 
(10) were obtained from D. H.  Calhoun  (Mount  Sinai School of 
Medicine, New York, NY). 

Preparation of Crude Extracts-Whole cell pellets  were suspended 
in 50 mM potassium phosphate buffer (pH 7.0) containing 1.0 mM 
dithiothreitol  and  disrupted by sonication, using a  Lab-Line Ultra-tip 
sonicator.  Centrifugation at  150,000 X g was  carried out  to  remove 
cell debris, and  the  extract was passed through a Sephadex (2-25 
column (1.5 X 20 cm)  equilibrated  in  starting buffer to remove  small 
molecules that  might  interfere with  enzyme  assays. 

Analytical  Procedures-DAHP  synthase  assays were carried  out 
according to  the  method of Calhoun  et al. (11). In  crude  extracts,  as 
well as  partially purified samples of each isozyme, conditions of 
proportionality  with  respect  to  both  time  and  protein  concentration 
were observed. When  compounds  under  test  as  inhibitors were used, 
appropriate  blanks were  included to  insure  against  interference of the 
chemical  assay by effector  molecules (11). Optimal  DAHP  synthase 
activity commonly requires  the  addition of divalent  metal  ions (12). 
Stock  solutions of cobalt  sulfate, magnesium sulfate,  and  manganese 
sulfate  prepared  in 50 mM potassium  phosphate buffer (pH 7.0) were 
added  to reaction mixtures to a final concentration of 1.0 mM to  test 
for optimal  activity in each enzyme sample  (crude  extract  and  par- 
tially  purified samples of DAHP  synthase-tyr  and  DAHP  synthase- 
trp).  The  appropriate  metal ion was then included in subsequent 
assays.  A  typical reaction  mixture (200 pl)  contained 50 mM potassium 

12789 


